(2) in vivo The animals used in experimental infection were 4 week old male ICR mice (weight 19-20 g). Mice were challenged by the intraperitoneal route with the test organisms and antibiotics were given subcutaneously at I h or at and 4 h after challenge. The protecting effects were expressed as the EC,0 of the antibiotics tested. RESULTS 
Antibacterial Spectrum
(1) Gram positive bacteria (Table 1) The activity of CEZ, CER and CET against Staphylococcus among the Gram positive cocci was higher than that of cefuroxime. CER was most effective against all the Gram positive cocci. The activities of CEZ, CET and cefuroxime differed according to the species of Gram positive cocci.
(2) Gram negative bacteria (Table 2) Cefuroxime had a lower MIC against many Gram negative bacteria than CEZ, CER or CET, and especially high activity against Proteus and Neisseria.
Sensitivity Distribution ofClinical Isolates
In 40 strains of Staphylococcus aureus, a peak MIC for cefuroxime was 1.56 jug/ml. Its activity was inferior to that of CEZ and CET but superior Table 1 Antibacterial activity of cefuroxime and related antibiotics against Gram positive bacteria (Inoculum size 10' cells/ml, Agar dilution method) MIC (Table 3 ). In 22 strains of was inhibited at 0.39,ug/ml by these 3 compounds Staphylococcus epidermidis the peak MIC was (Table 5 ). also 1.56 ,ug/ml. The pattern of sensitivity
In 60 strains of Escherichia coli, sensitivity was distribution was approximately the same as for rather higher with cefuroxime than CET and S. aureus. The MICs of all 4 cephalosporins cefoxitin, but lower than with CEZ. It was against the same strains of Staphylococcus noteworthy that CET and CEZ revealed resistant epidermidis were more than 25 ,ug/ml. (Table 4 ). strains with MICs more than 50 ,ug/ml but with With 14 strains of Streptococcus pyogenes, the cefuroxime and cefoxitin no strains were observed activity decreased in the order CET, CEZ, with MICs of more than 25 ,g/ml (Table 6) . cefuroxime and cefoxitin. The pattern was With 71 strains of Klebsiella pneumonia, no similar to that with Staphylococcus but the MIC notable differences were found among 4 cephalowas as low as 0.39 ,ug/ml for the three cephalo-sporins (Table 7) . sporins other than cefoxitin. Growth of all strains Of 31 strains of Shigella, the majority proved most sensitive to CEZ. Cefuroxime exhibited greater activity than cefoxitin and CET and cefuroxime alone for a small number of strains showed an MIC of less than 0.39 jug/ml (Table 8 ).
With only 10 strains of Salmonella, it was impossible to perform a precise evaluation but cefuroxime showed slightly lower activity than the other 3 cephalosporins (Table 9) .
Among 33 strains of Citrobacter, cefuroxime had a markedly more favourable activity than CET or CEZ. However, 50% of these strains showed an MIC of more than 50 ,ug/ml (Table 10 ).
In 65 strains of Hafnia CEZ and CET were ineffective but 50% of the strains showed sensitivity to cefuroxime at less than 25 ,tg/ml (Table 1 1 ).
Of 90 strains of Escherichia cloacae, almost all were resistant to CEZ and CET, but cefuroxime had a peak MIC of 12.5 ,ug/ml with the highest activity of the three cephalosporins (Table 12 ).
In 47 strains of Proteus mirabilis, the sensitivity to cefuroxime was the highest among the three cephalosporins with a peak MIC at 3.12-6.25 ,ug/ml (Table 13 ).
Of 15 strains of Proteus vulgaris, 60% of the strains showed resistance to cefuroxime in their sensitivity distribution but more strains were sensitive than to CET or CEZ and 40 % of strains showed an MIC of less than 12.5 ,tg/ml (Table 14) .
With 55 strains of Proteus morganii a large number of strains were resistant to CEZ and CET, but cefuroxime had a peak MIC of 12.5 jug/ml. Its activity was higher than that of the other two cephalosporins (Table 15 ).
Among 20 strains of Proteus rettgeri, 40% of the strains showed resistance to cefuroxime, but the number of strains sensitive to cefuroxime was greater than that to CEZ or CET (Table 16 ).
In 25 strains of Proteus inconstans, cefuroxime was active against strains resistant to CEZ and CET, indicating that cefuroxime had high activity against this species (Table 17 ).
In 48 strains of Acinetobacter calcoaceticus, the activity of cefuroxime was not great but some strains resistant to CEZ and CET were sensitive to cefuroxime (Table 18 ).
Among 96 strains of Hamophilus influenzwe, cefuroxime had a markedly greater activity than CET, CEZ or cefoxitin with a peak MIC of 0.78 ,ug/ml. The growth of all strains was inhibited at less than 1.56 ,tg/ml (Table 19) .
Correlations ofAntibacterial Activity
(1) E. coli showed a cross-resistance. Correlation between cefuroxime and cefoxitin was not clear, with a limited number of the strains showing crossresistance.
(2) Klebsiella In 55 CER resistant strains of Klebsiella, approximately the same correlation was observed between cefuroxime and CER or CEZ as with E. coli. (Fig 2) .
Influence ofSeveral Factors over Antibacterial Activity
Tables 20-22 illustrate the effects of the pH of the medium, the addition of horse serum and the inoculum size in comparing cefuroxime with CEZ. We used S. aureus 209-P, E. coli NIH JC-2, and Citrobacter freundii lID 996 as the test organisms and heart infusion agar as the medium.
(1) pH of the medium (Table 20) Cefuroxime had a lower MIC at a pH less than 7.0 against S. aureus, and showed a tendency to higher activity at pH 8.0 rather than pH 7.0 with E. coli and Citrobacter. CEZ had a lower MIC at a pH less than 7.0 with all 3 species.
(2) Addition ofhorse serum (Table 21) Horse serum was added up to 10-50%. Cefuroxime was hardly influenced by its presence. There was a slight difference for CEZ between its absence and its presencz at 10 %, 25 % or 50 %.
(3) Inoculum size (Table 22) There was a slight difference for cefuroxime between the inoculum sizes of 102 and 104 but no difference for inoculum sizes of 104, 106 or 108.
With CEZ, there was a marked change in the MIC for different inoculum sizes especially with Citrobacter The MIC was more than 200 )g/ml with an inoculum size of 108 against Citrobacter but 6.25 ,ug/ml for 106.
Bactericidal Activity of Cefuroxime Cefuroxime had a strong bactericidal activity against E. coli NIH JC-2. Its activity was apparent at the MIC (6.25 ,ug/ml) and a clear decrease in viable cell counts was observed at half the MIC.
No proliferation was observed even after 24 h.
Stability ofCefuroxime to /3-lactamases Table 23 shows the results of stability tests to /3-lactamase from various organisms. The stability was expressed as the relative rate of hydrolysis of antibiotic when the hydrolysis of CER was determined as 100 by bioassay. Cefuroxime was the most stable of these cephalosporins being more stable to ,B-lactamase from all the test organisms than the other three cephalosporins CER, CET and CEZ. However, its relative rate of hydrolysis was rather higher than cefoxitin. Table 24 shows the serum binding rate of cefuroxime and other cephalosporins in several animals. There was a species difference. The binding rate of cefuroxime to human serum was 41.0% which was lower than those of CEZ and CET but higher than that of cephalexin. Drugs were administered I h after challenge with organisms marked '; I and 4 h with the remainder b =addition of mucin study of experimental infection. A peak level of cefuroxime was attained at 15 min after injection, which was lower than that for CEZ but higher than those for CET and cefoxitin. The minimum inhibitory concentration (MIC) of cefuroxime was compared with that of cephalothin and cefazolin against clinical isolates of S. aureus, S. epidermidis, S. pyogenes, E. coli, Klebsiella, Shigella, Salmonella, Proteus, Citrobacter, E. cloaca?, H. influenzw and Acinetobacter. Cefuroxime proved more active than cephalothin or cefazolin against Proteus, Citrobacter, E. cloaca? and H. influenza,.
Serum Protein Binding

Protective Effects ofCefuroxime and other
Cephalosporins on Experimentally Infected Mice
The relative rates of hydrolysis of 4 cephalosporins by ,-lactamases from E.coli, Citrobacter, Klebsiella, Proteus and Enterobacter were examined. Cefuroxime was found to be more stable to all the enzymes used than cephaloridine, cephalothin or cefazolin.
Cefuroxime also proved especially effective in protecting against cefazolin resistant strains of the test organisms.
